Dense coverage of DNA by proteins is a ubiquitous feature of cellular processes such as DNA organization, replication, and repair. We present a single-molecule approach that is capable of visualizing individual DNA-binding proteins and their spatial dynamics in the presence of a high density of proteins on the DNA and in solution. This approach combines optical tweezers with multicolor confocal fluorescence microscopy and STED nanoscopy. We demonstrate visualization of proteins on DNA with a spatial resolution of 50 nm, about six-fold better than with traditional wide-field microscopy. Fast onedimensional beam scanning allows real-time imaging of DNA-protein dynamics with a high temporal resolution of at least 50 ms. We show that the individual trajectories of proteins translocating on DNA can be distinguished at high protein density and tracked with enhanced localization precision. This unique multimodal approach allowed us to visualize, in real time, the assembly of dense nucleoprotein filaments on DNA with unprecedented spatial resolution. Experimental access to real-time information on kinetics and motility of DNA-bound proteins at biologically relevant protein densities is essential for linking idealized in vitro experiments with the in vivo situation, where DNA is densely coated with proteins.
